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(54) Interleaver for a turbo encoder in an umts and method for performing interleaving 



(57) An interleaver is disclosed for a turbo encoder 
in an UMTS. The interleaver includes a register for up- 
dating and registering a plurality of parameters for set- 
ting an operating condition of the interleaver; a controller 
for generating a control signal for controlling an opera- 
tion of the system by receiving the operating condition 
from the register; an address calculator for generating 



a finally interleaved address using an inter-row permu- 
tation pattern T(j), an intra-row permutation pattern in- 
crement arrangement value incr(j) and an intra-row per- 
mutation basic sequence s(i), provided from the register 
according to the control signal generated by the control- 
ler; and a data storage for sequentially storing data input 
to the turbo encoder and outputting data corresponding 
to the address generated by the address calculator. 



FIG. 2 



208 



210 



212 



CM 
< 
O 

5> 

LO 



s(i) MEMORY 



READ 
ADDRESS.. 



incr(j) 
MEMORY 



202 



[Typein 



T(j) 
MEMORY 



READ 
DATA 



GENERATOR 



204 



READ ADDRESS. 



EAD DATA 



ITE ADDRESS^ 



WRITE 



DATA 



INTRA-ROW 
PERMUTATION 
PATTERN 
STORAGE 
ARRANGEMENT 



206 



READ DATA^sfaCOl 



207 — 



READ 
DATA 



FINAL ADD 
GENERATOR 



-200 



WRITE 
ADDRESS 



dK 

± 



PREVIOUS 
STAGE 



214- 

. READ 
]W)RES^ 



Li 



WRITE 
DATA 



DATA 
STORAGE 



L 



READ 



CL 
LU 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 195 910 A2 



Description 

[0001 ] The present invention relates generally to a turbo encoder for a radio communication system, and in particular, 
to an interleaver for a turbo encoder in an UMTS (Universal Mobile Telecommunication System) and a method for 

5 performing interleaving. 

[0002] In general, a turbo encoder using a turbo code is typically used for a radio communication system such as 
ISDN (Integrated Services Digital Network), digital cellular, W-CDMA (Wideband Code Division Multiple Access) and 
IMT-2000 systems. The turbo encoder includes an interleaver, which improves a codeword distance characteristic by 
randomizing data input to the turbo encoder. A performance of the turbo encoder chiefly depends on the interleaver. 

w [0003] FIG. 1 illustrates a structure of a conventional turbo encoder designated generally by reference numeral 1 06. 
As illustrated, the turbo encoder 106 includes a first constituent encoder 102 for encoding input frame data dK into 
output data Y1 K, an interleaver 1 00 for interleaving the input fame data dK, and a second constituent encoder 1 04 for 
encoding the interleaved data output from the interleaver 1 00 into output data Y2K. As a result, the turbo encoder 1 06 
outputs data XK equivalent to the non-encoded input fame data dK, the encoded data Y1 K and the interleaved encoded 

15 data Y2K. The interleaver 100 outputs data, which is equal in size to the input data frame dK, and permutes the se- 
quence of the data bits input to the second constituent encoder 104 so as to reduce correlation among the data bits. 
[0004] A detailed description of the interleaver 1 00 will now be given below. The interleaver 1 00 sequentially stores 
the input data in a memory with a matrix structure of rows and columns, and then initializes interleaving parameters 
determined according to the number of input data bits. That is, the interleaver 100 sets various parameters such as 

20 index of row number of rectangular matrix j and index of column number of rectangular matrix i and prime number p 
and primitive root jll for inter-row/intra-row permutation for interleaving the input data as well as the number R of the 
rows and the number C of the columns, to the values corresponding to the number K of the input data bits by consulting 
a table in the memory. 

[0005] For example, if the number of the input data bits is K=40, then the parameters are determined as R=5, C=8, 
25 p=7 and|u=3. The interleaver 1 00 then arranges the input data in a5x8 matrix of the memory as shown in Table 1 below. 
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[0006] Subsequently, the interleaver 1 00 first performs interleaving on the rows of the input data, arranged as shown 
40 in Table 1 . At this point, the interleaver 1 00 determines an inter-row permutation pattern T(j) to perform interleaving on 
the rows. The inter-row permutation pattern T(j) is a function for inter-row interleaving the input data, and is determined 
by Equation (1) below according to the number K of the input data bits. 

4 5 Equation (1) 

T(j) = pat4 (for40<K<159) 
TG) = pat3 (for 160<K<200) 

50 

T(j) = pat1 (for201<K<480) 
TO = pat3 (for 481 <K<530) 
55 T(j) = pat1 (for 531 <K<2280) 

T(j) = pat2 (for 2281 <K<2480) 
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T(j) = pat1 (for 2481 <K<31 60) 
TO) = pat2 (for 31 61 <K<321 0) 
TO = pat1 (for3211<K<5114) 

where 

pat1 ={19,9,14,4,0,2,5,7,12,18,10,8,13,17,3,1,16,6,15,11}, 
pat2 = {19,9,14,4,0,2,5,7,12,18,16,13,17,15,3,1,6,11,8,10}, 
pat3 = {9,8,7,6,5,4,3,2,1,0}, and 
pat4= {4,3,2,1,0}. 

[0007] The interleaver 100 permutes the rows of the input data by coping a T(j) th row of the original matrix into a j th 
row of a new matrix according to the inter-row permutation pattern T(j). That is, since the number of the input data bits 
is K=40, the inter-row permutation pattern is determined as T(j)=pat4. Table 2 below shows a matrix of the input data 
which was subjected to inter-row permutation according to the selected permutation sequence. As shown in Table 2, 
the 4 th row's data of the original matrix is rearranged in the 0 th row of the new matrix; the 3 rd row's data of the original 
matrix is rearranged in the 1 st row of the new matrix; the 2 nd row's data of the original matrix is rearranged in the 2 nd 
row of the new matrix; the 1 st row's data of the original matrix is rearranged in the 3 rd row of the new matrix; and the 
0 th row's data of the original matrix is rearranged in the 4 th row of the new matrix. 
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[0008] Thereafter, the interleaver 100 sequentially calculates a minimum prime integer sequence q(j), a permuted 
prime integer sequence r(j), and intra-row permutation basic sequence s(i), which are permutation sequences for intra- 
row permutation, in accordance with Equation (2) below. 

Equation 2 

g.c.d{q(j), p-1} = 1, q(j)>6, q(j)>q(j-1), q=1 ,2,...,R-1 , q(0)=1 (where g.c.d is greatest common divisor ) 

r[T(j)] = qG),j=0,1,..,R-1 
s(i) = [|nxs(i-1)] mod p, i=1 ,2,...,(p-2), s(0)=1 

[0009] Further, the interleaver 100 calculates a final intra-row permutation pattern U'(j) for the inter-row/intra-row 
permutation using the intra-row permutation basic sequence s(i), in accordance with Equation (3) below. 

Equation (3) 

1. U j (i) = s{[ixr(j)] mod (p-1)}, i=0,1 ,2,...,p-2, U(p-1)=0 (for C=p) 
2. U j (i) = s{[ixr(j)] mod (p-1)}, i=0,1 ,2,...,p-2, U(p-1)=0, U(p)=p (forC=p+1). When 
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- R 1 R 1 

K=CxR, U (p) is exchanged with U (0) after intra-row permutation. 
3. U j (i) = s{[ixrG)] mod (p-1 )}-1 , i=0, 1 ,2,...,p-2 (for C-p) 

5 

[001 0] That is, for the respective columns, the final intra-row permutation pattern values LJj(i) are calculated as shown 
in Equation (4) below. 

10 Equation (4) 

U°(i) = s(17i mod 6) = {s(0),s(5),s(4),s(3),s(2),s(1),0,7} = {1,5,4,6,2,3,0,7} 

U 1 (i) = s(13i mod 6) = {s(0),s(1 ),s(2),s(3),s(4),s(5),0,7} = {1,3,2,6,4,5,0,7} 

15 2 

ln(i) = s(1 1 i mod 6) = {s(0), s(5), s(4), s(3), s(2), s(1 ),0,7} = {1 ,5,4,6,2,3,0,7} 

U 3 (i) = s(7i mod 6) = {s(0),s(1), s(2), s(3), s(4), s(5),0,7} = {1,3,2,6,4,5,0,7} 

20 U 4 (i) = s (" mod 6 ) = ( 7 > s ( 1 )> s ( 2 )> s ( 3 )> s ( 4 )> s(5),0,s(0)} = {7,3,2,6,4,5,0,1} 

[001 1 ] Therefore, the interleaver 1 00 performs the final interleaving as shown in Table 3 below by intra-row permuting 
the data sequence which was subjected to inter-row permutation as shown in Table 2, according to the final intra-row 
permutation pattern U-i (i) for the intra-row permutation. 

25 
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[0012] As described above, the interleaver 100 of the conventional turbo encoder 106 requires an additional tempo- 
rary memory to intermediately (or temporarily) store the permuted data in the process of interleaving the input data, 
40 which can overload a microprocessor and/or a digital signal processor (DSP). 

[001 3] It is, therefore, the object of the present invention to provide an interleaver for an UMTS turbo encoder, capable 
of preventing an overload on a microprocessor and/or a digital signal processor during interleaving, and a method for 
performing interleaving. 

[0014] According to an aspect of the present invention, there is provided an interleaver and a method for performing 
45 interleaving, capable of calculating a deinterleaved final address without using an additional temporary memory to 
store intermediately (or temporarily) permuted data in the process of interleaving the input data. 
[0015] According to another aspect of the present invention, there is provided an interleaver for a turbo encoder in 
an UMTS. The interleaver includes a register for updating and registering a plurality of parameters for setting an op- 
erating condition of the interleaver; a controller for generating a control signal for controlling an operation of the system 
50 by receiving the operating condition from the register; an address calculator for generating a finally interleaved address 
using an inter-row permutation pattern T(j), an intra-row permutation pattern increment arrangement value incr(j) and 
an intra-row permutation basic sequence s(i), provided from the register according to the control signal generated by 
the controller; and a data storage for sequentially storing data input to the turbo encoder and outputting data corre- 
sponding to the address generated by the address calculator. 
55 [001 6] Preferably, the address calculator includes an intra-row permutation pattern generator for calculating an intra- 
row permutation pattern data sequence using the intra-row permutation pattern increment arrangement value incr(j) 
provided from the register according to the control signal generated by the controller; an intra-row permutation pattern 
storage arrangement part for storing intermediate data while the intra-row permutation pattern generator calculates 
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the intra-row permutation pattern; and a final address generator for calculating an address of the finally interleaved 
data by taking the inter-row permutation pattern from the register and the intra-row permutation basic sequence cor- 
responding to the intra-row permutation pattern value generated by the intra-row permutation pattern generator. 
[0017] Preferably, the register updates and registers parameters used to calculate inter-row/intra-row permutation 

5 pattern of the input data to be interleaved, and provides the parameters to the intra-row permutation pattern generator 
so as to generate an intra-row permutation pattern for generating an interleaved final intra-row permutation pattern. 
[001 8] Preferably, the register updates and registers a parameter K indicating a number of input data bits, a parameter 
\i indicating a primitive root , a parameter p indicating a prime number, a parameter R indicating a number of rows of 
the input data, a parameter C indicating a number of columns of the input data and a parameter TypeD indicating an 

10 exceptional process request signal. These parameters are used to calculate the inter-row permutation pattern T(j), the 
intra-row permutation pattern increment arrangement value incr(j) and the intra-row permutation basic sequence s(i). 
[0019] Preferably, the intra-row permutation pattern generator simplifies an operation by using an inter-row inverse 
permutation pattern Tl(j) determined by inversing the inter-row permutation pattern T(j) in order to calculate a permuted 
prime integer sequence r(j) in a process of calculating the final intra-row permutation pattern U(i). 

15 [0020] Preferably, the intra-row permutation pattern generator includes a first adder for adding a previous intra-row 
permutation pattern read from an intra-row permutation pattern memory to the intra-row permutation pattern increment 
arrangement value incr(j), to thereby output a first add value; a second adder for adding the first add value output from 
the first adder to a prime number -(p-1 ), to thereby output a second add value; a first multiplexer for selectively outputting 
one of the first and second add values from the first and second adders; a sign detector connected to the second adder 

20 and the first multiplexer for providing a selection control signal to the first multiplexer so that the first multiplexer outputs 
the second add value as an address of the intra-row permutation basic sequence s(i) when the second add value has 
a positive value, and outputs the first add value as an address of the intra-row permutation basic sequence when the 
second add value has a negative value; and a second multiplexer for outputting a predetermined initial value during 
an initial operation of the intra-row permutation pattern generator, and then, providing the output of the first multiplexer 

25 as a read address of the intra-row permutation pattern storage arrangement part for the next intra-row permutation 
pattern. 

[0021] Preferably, the increment arrangement value incr(j) is calculated in accordance with a following equation: 
30 incr(j) = r{TIG)}mod(p-1) 

where 

incr(j): increment, 
35 Tl(j): inter-row inverse permutation pattern, 

p: prime number, and 
r(j): permutated prime integer sequence. 

[0022] Preferably, the intra-row permutation pattern storage arrangement part sequentially stores a read address of 
40 one column output from the second multiplexer, and feeds back a previously stored read address to the first adder. 
[0023] The above object, features and advantages of the present invention will become more apparent from the 
following detailed description when taken in conjunction with the accompanying drawings in which: 

FIG. 1 is a bock diagram illustrating a prior art turbo encoder; 
45 FIG. 2 is a block diagram illustrating an interleaver for a turbo encoder according to an embodiment of the present 

invention; and 

FIG. 3 is a detailed block diagram illustrating the intra-row permutation pattern generator of FIG. 2. 

[0024] A preferred embodiment of the present invention will be described herein below with reference to the accom- 
50 panying drawings. In the following description, well-known functions or constructions are not described in detail since 
they would obscure the invention in unnecessary detail. 

[0025] FIG. 2 illustrates a structure of an interleaver for a turbo encoder according to an embodiment of the present 
invention. Referring to FIG. 2, the number K of input data bits, and parameters R, C, p, ju and TypeD determined 
depending on the input data bit number K are stored in a register 200. The parameter TypeD is set to T, when C=p+1 
55 and K=C*R. 

[0026] In addition, an inter-row permutation pattern T(j), an intra-row permutation basic sequence s(i), an intra-row 
permutation pattern increment arrangement value incr(j) are stored in an memory of the register 200. The inter-row 
permutation pattern T(j), the intra-row permutation basic sequence s(i) and the intra-row permutation pattern increment 
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arrangement value incr(j) are provided with i and j values from a controller (not shown), and the corresponding values 
are provided to an address calculator 202. The inter-row permutation pattern T(j) is determined by Equation (1), the 
intra-row permutation basic sequence s(i) is determined by Equation (2), and the intra-row permutation pattern incre- 
ment arrangement value incr(j) is determined by Equation (5) below. 

Equation (5) 
incrG) = r(j) mod (p-1), j=0, 1 R-1 

[0027] In the embodiment of the present invention, an inter-row inverse permutation pattern Tl(j) determined by 
inversing the inter-row permutation pattern T(j) is used rather than the inter-row permutation pattern T(j) in the process 
of calculating a permutated prime integer sequence r(j) used in Equation (5). In this manner, it is possible to reduce 
operations required to calculate the permutated prime integer sequence r(j) as shown in Equation (6) below. 

Equation (6) 
r(j) = q[TIG)],j=0,1,..,R-1 

[0028] Here, the minimum prime integer sequence q(j) is identical to that of Equation (2), and the inter-row inverse 
permutation pattern Tl(j) is determined by Equation (7) below. 

Equation (7) 

Tl(j) = pat8 (for40<K<159) 

TIG) = pat7 (for 160<K<200) 

TIG) = pat5 (for201<K<480) 

TIG) = pat7 (for481<K<530) 
TIG) = pat5 (for 531 <K<2280) 
Tl(j) = pat6 (for 2281 <K<2480) 
Tl(j) = pat5 (for 2481 <K<31 60) 
Tl(j) = pat6 (for 3161 <K<321 0) 
Tl(j) = pat5 (for 321 1 <K<51 14) 

where 

pat5 = {4,15,5,14,3,6,17,7,11,1,10,19,8,12,2,18,16,13,9,0}, 
pat6 = {4,15,5,14,3,6,16,7,18,1,19,17,8,11,2,13,10,12,9,0}, 
pat7 = {9,8,7,6,5,4,3,2,1 ,0}, and 
pat8 = {4,3,2,1,0}. 

[0029] After completion of setting the register 200, the controller in a hardware part sequentially generates counter 
values i and j for controlling the address calculator 202. Here, the counter values i and j each start from '0', and the 
counter value i increases by 1 when the counter value j reaches a value 'R-1 ' by increasing one by one. The controller 
repeats the same operation until the counter values i and j reach 'C-1' and 'R-V, respectively. 

[0030] Meanwhile, if an intra row permutation pattern a'(j) is defined as the expression [ixr(j)] mod (p-1), which is 
used as indices of the intra row permutation basic sequence s(i) in Equation (3), then the final intra row permutation 
pattern UJ (i) can be represented by Equation (8). 
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Equation (8) 
a i (j) = [ixr(j)] mod (p-1) 

5 

Therefore, 

U j (i) = s[a\\)], j=0,1 ,2,...,R-1 , i=0,1 ,2,...,p-2. 

10 

[0031] The present invention used the fact that an intra-row permutation pattern a'(j) of each row defined in Equation 
(8) is represented by a remainder determined by dividing by (p-1 ) the previous intra-row permutation pattern value a M 
(j). If the row number j is fixed and the value i is increased one by one starting from the initial value '0', the intra row 
permutation pattern a'(j) for j th row can be calculated with Equation (9) instead of using the expression in Equation (8). 
15 By determining the intra-row permutation pattern increment arrangement value incr(j) in advance, the intra-row per- 
mutation pattern a'(j) is generated during actual operation of the hardware part by performing only the addition and 
modulo operations rather than performing multiplication, using the intra-row permutation pattern increment correspond- 
ing to each row. This is shown in Equation (9) below. 

20 

Equation (9) 
a'(|)- [a M G)+incr(j)] mod (p-1) 

25 where j=0,1 ,2,...,R-1 , i=1 ,2,...,p-2, a°G)=0. 

[0032] That is, as shown in Equation (9), the intra-row permutation pattern a'(j) for each j can be calculated from a 
previous intra-row permutation pattern a M (j) Further, since i does not decrease during the interleaving process, it is 
not necessary to store the previous value after calculating the present value. Based on this calculation method, an 
intra-row permutation pattern [a(j)] generator 204 stores the final a'(j) value for each j in an intra-row permutation pattern 

30 storage arrangement part 206 whenever it generates an intra-row permutation pattern a' - 1 (j) for each i and j. 

[0033] During an operation of the hardware part, the intra-row permutation pattern generator 204 generates an intra- 
row permutation pattern for each i and j provided from the controller. Since it is necessary to initialize the intra-row 
permutation pattern storage arrangement part 206 when i=0, the intra-row permutation pattern generator 204 outputs 
'0' as an intra-row permutation pattern a'(j) and stores the output value in the intra-row permutation pattern storage 

35 arrangement part 206. When 0<i<(p-2), the intra-row permutation pattern generator 204 reads a j th data bit from the 
intra-row permutation pattern a(j), adds it to an increment read from the intra-row permutation pattern increment ar- 
rangement value incr(j), and then generates a new intra-row permutation pattern by performing a modulo operation. 
The generated new intra-row permutation pattern is stored in aj th address of the intra-row permutation pattern storage 
arrangement part 206 for generation of the next intra-row permutation pattern. 

40 [0034] The intra-row permutation pattern a'(j) generated by the intra-row permutation pattern generator 204 is pro- 
vided as a read address to an intra-row permutation basic sequence [s(i)] memory 208 in the register 200, and an 
output s[a(j)] of the memory 208 is provided to a final address generator 207. 

[0035] The final address generator 207 first calculates a final intra-row permutation pattern Ui(i) by taking the corre- 
sponding value s[a(j)] of the intra-row permutation basic sequence according to the i and j values provided from the 
45 controller, and then calculates a finally interleaved address xaddr using the calculated value and the inter-row permu- 
tation pattern T(j) provided from the register 200. In addition, the final address generator 207 performs an exceptional 
process for TypeD=1 . The calculation process of the final address generator 207 is shown in Equations (1 0) and (1 1 ) 
below. 

50 

Equation (10) 

U j (i) =s[a(|)] (for 0<i<p-2) 
55 U j (i) = 0(fori=p-1) 

U j (i) = p(fori=p) 
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where i = 0,1 ,2,...,C-1 , j=0,1 ,2,...,R-1 . 

[0036] However, the following exceptional process is performed for TypeD=1 . 

5 U j (i) = p(fori=0andj=R-1) 

U j (i) = 1 (for i=pandj=R-1) 

w Equation (11) 

xaddr = C*T(j) + U j (i) 

[0037] A data storage 21 4 reads data corresponding to the finally interleaved address xaddr generated from the final 

15 address generator 207 and outputs the read data. 

[0038] FIG. 3 illustrates a detailed structure of the intra-row permutation pattern generator 204. When the parameter 
i for the intra-row permutation pattern a(j) is '0' (i.e., i=0), a second multiplexer 402 selects '0' as an initial value of the 
intra-row permutation pattern a(j), and the selected value is provided as an address of the intra-row permutation basic 
sequence s(i) in the register 200 and at the same time, is stored in a j th address of the intra-row permutation pattern 

20 storage arrangement part 206. 

[0039] When the parameter i is not '0' (i.e., i^0), data corresponding to the j th address of the intra-row permutation 
pattern storage arrangement part 206 is fed back to a first adder 400 as a previous parameter data value, which 
corresponds to the previously stored intra-row permutation pattern a' -1 (j). A value stored in the j th address of the intra- 
row permutation pattern increment arrangement value incr(j) is provided from the register 200 to another input end of 

25 the first adder 400. Thus, the first adder 400 adds the previous intra-row permutation pattern a(j) to the increment value 
incr(j), and a first add value output from the first adder 400 is provided to a second adder 404, which adds the first add 
value to a prime number [-(p-1)] as shown in Equation (5). 

[0040] The added value is provided in common to a first multiplexer 408 and a sign detector 406. That is, the second 
adder 404 outputs a remainder [{a(j)+incr(j)}-(p-1 )] determined by dividing the first add value [a(j) + incr(j)] by the prime 
30 number (p-1). This is because as shown in Equation (9), when the sum of the previous intra-row permutation pattern 
a(j) and the increment value incr(j) is larger than the prime number (p-1 ), a value determined by subtracting (p-1 ) from 
the first add value becomes equivalent to the remainder in the process of performing a modulo operation using the 
prime number (p-1). 

[0041] A second add value [{a(j)+incr(j)}-(p-1 )] output from the second adder 404 is provided in common to the MSB 

35 (Most Significant Bit) sign detector 406 and the first multiplexer 408. The sign detector 406 then detects only the MSB 
bit of the second add value output from the second adder 404 and provides the detected MSB bit to the first multiplexer 
408 as a selection control signal. The first multiplexer 408 selectively outputs the first add value a(j)+incr(j) output from 
the first adder 400 and the second add value [{a(j)+incr(j)}-(p-1 )] output from the second adder 404 according to the 
selection control signal output from the sign detector 406. 

40 [0042] If a sign detected by the sign detector 406 is '0', it means that the first add value is equal to or larger than (p- 
1), so that (p-1) should be subtracted from the first add value to obtain a result value of the modulo operation. Otherwise, 
if the sign is T, it means that the first add value is smaller than (p-1), so that the first add value becomes equal to a 
result value of the modulo operation. Accordingly, the second multiplexer 402 selects a correct modulo operation result 
for the first and second add values output from the first multiplexer 408 after the initial value i=0; provides the selected 

45 value as an address of the intra-row permutation basic sequence s(i) in the register 200; and, at the same time, stores 
the selected value in the j th address of the intra-row permutation pattern storage arrangement part 206. 
[0043] A description will now be made of an operation of the intra-row permutation pattern generator 204 with refer- 
ence to Equation (4) used to calculate the final intra-row permutation pattern L)i(i) of the input data. When j=0 and i=0, 
an output address value i, i.e., the intra-row permutation pattern a(j) for the intra-row permutation basic sequence s(i) 

50 is set to '0'. Then, the initial value '0' of the intra-row permutation pattern a(j) is stored in the intra-row permutation 
pattern storage arrangement part 206 and, at the same time, is provided as an address of the intra-row permutation 
basic sequence s(i). 

[0044] That is, when i increases by one for the same j value (='0'), the previous intra-row permutation pattern value 
'0' stored in the intra-row permutation pattern storage arrangement part 206 is provided to the first adder 400, which 
55 adds the previous intra-row permutation pattern '0' to an increment incr(j) value '5'. As a result, the first add value '5' 
is provided in common to one input end of the first multiplexer 408 and the second adder 404. 
[0045] The second adder 404 then adds the first add value '5' to the prime number -(p-1 ) '-6' and outputs a value '- 
1 ' to the sign detector 406. Since the second add value has a negative value, the sign detector 406 generates a selection 
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control signal 'V so that the first multiplexer 408 should select the first add value output from the first adder 400. 
Accordingly, the first multiplexer 408 outputs the first add value '5', and this value is selected through the second 
multiplexer 402 as the next intra-row permutation pattern a(j) and then stored in the intra-row permutation pattern 
storage arrangement part 206. That is, in this method, the address value i of the intra-row permutation basic sequence 
s(i) is calculated without using complicated Equation (2), thus contributing to the simple circuit structure. 
[0046] The register 200 stores the parameter jll indicating a primitive root; the parameter K indicating the number of 
the input data bits; the parameter R indicating the number of rows of the input data; the parameter C indicating the 
number of the columns of the input data; the parameter p indicating a prime number; and the parameter TypeD indicating 
an exceptional process request signal as well as the increment incr(j) according to the input data bit number K provided 
from the controller. In addition, the register 200 previously stores the inter-row permutation pattern T(j) of the input 
data determined according to the input data bit number K. 

[0047] A description will now be made of an operation of the final address generator 207 using the intra-row permu- 
tation pattern generator 204, the intra-row permutation basic sequence s(i) and the inter-row permutation pattern [T 
(j)] memory 212. The intra-row permutation pattern output from the intra-row permutation pattern generator 204 is 
provided to the intra-row permutation basic sequence memory 208 in the register 200 as a read address. Accordingly, 
the intra-row permutation basic sequence memory 208 provides the final address generator 207 with the value s[a(j)] 
designated by the read address provided from the intra-row permutation pattern generator 204. 
[0048] Since the address value in the intra-row permutation basic sequence memory 208, designated by the read 
address, is equivalent to the final intra-row permutation pattern value UJ(i) of the input data, the final address generator 
207 receives the value s[a(j)] read from the intra-row permutation basic sequence s(i) and the inter-row permutation 
pattern read from the inter-row permutation pattern memory 21 2, and provides the received values to the data storage 
214 as a read address for reading interleaved output data. As a result, the input data stored in the read address area 
in the data storage 214 is read and output as interleaved output data. 

[0049] To sum up, the present invention does not store again the input data rearranged during intra-row or inter-row 
permutation of the input data in a separate memory. Instead, the embodiment of the present invention operates a final 
intra-row or inter-row permuted read address from the data storage in which data is sequentially stored, and outputs 
the data corresponding to the read address, thus making it possible to implement the same function as the conventional 
interleaver which sequentially reads data from the memory in which the interleaved data is separately stored. 
[0050] Accordingly, the interleaver for the turbo encoder according to the present invention can prevent a waste of 
the memory and has a simple structure. In addition, the novel interleaver can reduce a load on the turbo encoder. 



Claims 

1. An interleaver for a turbo encoder in a Universal Mobile Telecommunication System (UMTS), comprising: 

a register for updating and registering a plurality of parameters for setting an operating condition of the inter- 
leaver; 

an address calculator for generating a finally interleaved address using an inter-row permutation pattern T(j), 
an intra-row permutation pattern increment arrangement value incr(j) and an intra-row permutation basic se- 
quence s(i) provided from the register; and 

a data storage device for storing data input to the turbo encoder and outputting data corresponding to the 
address generated by the address calculator. 

2. The interleaver as claimed in claim 1 , wherein the address calculator comprises: 

an intra-row permutation pattern generator for calculating an intra-row permutation pattern value using the 
intra-row permutation pattern increment arrangement value incr(j); 

an intra-row permutation pattern storage arrangement device for storing intermediate data while the intra-row 
permutation pattern generator calculates the intra-row permutation pattern; and 

a final address generator for calculating an address of finally interleaved data using the inter-row permutation 
pattern T(j) from the register and the intra-row permutation basic sequence s(i) corresponding to the intra-row 
permutation pattern value generated by the intra-row permutation pattern generator. 

3. The interleaver as claimed in claim 1 or 2, wherein the register updates and registers parameters used to calculate 
inter-row/intra-row permutation pattern of the input data to be interleaved, and provides the parameters to an intra- 
row permutation pattern generator of the address calculator to generate an intra-row permutation pattern for gen- 
erating an interleaved final intra-row permutation pattern. 



EP 1 195 910 A2 



4. The interleaver as claimed in one of the claims 1-3, wherein the register updates and registers a parameter K 
indicating a number of input data bits; a parameter \x indicating a primitive root; a parameter p indicating a prime 
number; a parameter R indicating a number of rows of the input data; a parameter C indicating a number of columns 
of the input data; and a parameter TypeD indicating an exceptional process request signal, wherein the parameters 
are used to calculate the inter-row permutation pattern T(j); the intra-row permutation pattern increment arrange- 
ment value incr(j); and the intra-row permutation basic sequence s(i). 

5. The interleaver as claimed in one of the claims 2-4, wherein the intra-row permutation pattern generator uses an 
inter-row inverse permutation pattern Tl(j) determined by inversing the inter-row permutation pattern T(j) to calcu- 
late a permuted prime integer sequence r(j) for calculating a final intra-row permutation pattern U(i). 

6. The interleaver as claimed in one of the claims 2-5, wherein the intra-row permutation pattern generator comprises: 

a first adder for adding a previous intra-row permutation pattern read from an intra-row permutation pattern 
memory of the register with the intra-row permutation pattern increment arrangement value incr(j) to thereby 
output a first add value; 

a second adder for adding the first add value to a prime number -(p-1 ) to thereby output a second add value; 
a first multiplexer for selectively outputting one of the first and second add values; 

a sign detector connected to the second adder and the first multiplexer for providing a selection control signal 
to the first multiplexer so that the first multiplexer outputs the second add value as an address of the intra-row 
permutation basic sequence s(i) when the second add value has a positive value, and outputs the first add 
value as an address of the intra-row permutation basic sequence when the second add value has a negative 
value; and 

a second multiplexer for outputting a predetermined initial value during an initial operation of the intra-row 
permutation pattern generator, and then providing the output of the first multiplexer as a read address of the 
intra-row permutation pattern storage arrangement device for a succeeding intra-row permutation pattern. 

7. The interleaver as claimed in one of the claims 1 -6, wherein the increment arrangement value incr(j) is calculated 
in accordance with: 

incrG) = r{TI(j)} mod (p-1) 

where incr(j): increment, Tl(j): inter-row inverse permutation pattern, 
p: prime number , and 
r(j): permuted prime integer sequence. 

8. The interleaver as claimed in claim 6 or 7, wherein the intra-row permutation pattern storage arrangement device 
sequentially stores a read address of one column output from the second multiplexer, and feeds back a previously 
stored read address to the first adder. 

9. A method for performing interleaving in an interleaver for a turbo encoder, comprising the steps of: 

permuting an inter-row address of input data according to an inter-row permutation pattern T(j) determined 
depending on a number of input data bits; 

calculating an increment incr(j) for generating an inter-row permutation pattern a(j) using the permuted inter- 
row address; 

calculating an intra-row permutation pattern using the increment incr(j) and a previous intra-row permutation 
pattern; and 

calculating a read address of an intra-row permutation basic sequence s(i) for permuting an intra-row address 
of the input data using the intra-row permutation pattern. 

10. The method as claimed in claim 9, further comprising the steps of: 

calculating a final intra-row permutation pattern; 

calculating a finally interleaved address using the final intra-row permutation pattern and the inter-row permu- 
tation pattern T(j); and 

sequentially outputting data corresponding to the finally interleaved address thereby interleaving the input data. 
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(57) An interleaver is disclosed for a turbo encoder 
in an UMTS. The interleaver includes a register for up- 
dating and registering a plurality of parameters for set- 
ting an operating condition of the interleaver; a controller 
for generating a control signal for controlling an opera- 
tion of the system by receiving the operating condition 
from the register; an address calculator for generating 



a finally interleaved address using an inter-row permu- 
tation pattern T(j), an intra-row permutation pattern in- 
crement arrangement value incr(j) and an intra-row per- 
mutation basic sequence s(i), provided from the register 
according to the control signal generated by the control- 
ler; and a data storage for sequentially storing data input 
to the turbo encoder and outputting data corresponding 
to the address generated by the address calculator. 



FIG. 2 



"208" 



s(i) MEMORY 



CO 
< 

o 

5> 

LO 



CL 
LU 



READ 

ADD r RESS„ 



"210" 



incr(j) 
MEMORY 



CO GD 
m rrypeui 



212 



T(j) 
MEMORY 



READ 

DATA_, 



a(j) 
GENERATOR 



204 



READ ADDRESS > 



EAD DATA 



WRITE 



DATA 



INTRA-ROW 
PERMUTATION 
1TE ADDRESSj PATTERN 
' ,rrr ^" r 1 STORAGE 
ARRANGEMENT 



206 



READ DATA=sF a(i)l 



202 



207- 



K200 



dK 



WRITE 
ADDRESS 



READ 
DATA 



FINAL ADD 
GENERATOR 



PREVIOUS 
STAGE 



21 H 

. READ 
|DI)RES^ 



WRITE 
DATA 



DATA 
STORAGE 



READ 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 195 910 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 12 1280 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 



"3RD GENERATION PARTNERSHIP 
PROJECT; TECHNICAL SPECIFICATION GROUP 
RADIO ACCESS NETWORK; MULTIPLEXING AND 
CHANNEL CODING (FDD)" 
3G TS 25 212 V3.0.0, XX, XX, 

June 2000 (2000-06), pages 1-62, 
XP002202956 

* page 18-19, paragraph 4.2.3.2.3.2 * 

"Prime Inter! eaver Complexity Analysis" 
TSG-RAN WG1 MEETING #4, XX, XX, 

18 April 1999 (1999-04-18), pages 1-9, 
XP002263149 

* figure 1 * 

LEE G ET AL: "TURBO MAP DECODER DESIGN 
FOR IS-2000 SYSTEM " 

VTC 2000-FALL. IEEE VTS 52ND. VEHICULAR 
TECHNOLOGY CONFERENCE. BOSTON, MA, SEPT. 
24 - 28, 2000, IEEE VEHICULAR TECHN0LGY 
CONFERENCE, NEW YORK, NY: IEEE, US, 
vol. 1 OF 6. CONF. 52, 
24 September 2000 (2000-09-24) , pages 
412-415, XP001033174 
ISBN: 0-7803-6508-9 

* figure 9 * 

EP 0 660 558 A (NOKIA MOBILE PHONES LTD) 
28 June 1995 (1995-06-28) 

* figure 20 * 



The present search report has been drawn up for all claims 



1-10 



H03M13/27 
H03M13/29 



1-10 



1-10 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



H03M 



1-10 



Place of search 

MUNICH 



Dale of completion ot the search 

25 May 2004 



Holzltihner, R 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : n on- written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



2 



EP 1 195 910 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 12 1280 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

25-05-2004 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



EP 0660558 



28-06-1995 



6B 
CN 
EP 
JP 
JP 
US 



2294616 A 
1117252 A 
0660558 A2 
3415693 B2 
7212251 A 
5991857 A 



01-05-1996 
21-02-1996 
28-06-1995 
09-06-2003 
11-08-1995 
23-11-1999 



m For more details about this annex ; see Official Journal of the European Patent Office, No. 12/82 



3 



